Introduction
While the literature is rich in studies of the behavior of twins, or of features like their mortality, very little seems to be known about the demographic behavior of the parents of twins. Realizing that the sheer work involved in raising a young pair of twins must be much harder than raising one or two singletons, careful demographers have long suspected that parents of twins have patterns of childbearing and family dynamics that differ from others, and they therefore censor life histories at the arrival of twins. The present paper shows that this is sensible practice, at least for Swedish women between the 1960s and 1990s. Since only about one per cent of births resulted in twins, the loss of information must be negligible in normal investigations of childbearing behavior. Since twinning is a relatively rare event, special types of data sets are needed for studies of the detailed patterns of behavior of parents of twins, preferably extensive databases like the Nordic population registers (Note 1). The advantage of the complete coverage that they give is that they allow us to map patterns of the demographic behavior even of very small groups and very rare events. In parallel with Walke's investigation of divorce risks for Swedish parents of twins (Walke, 2002) based on the same data, we tap this exciting data source for information about the childbearing behavior of Swedish mothers of twins in the last forty years of the twentieth century. Most of our report contains a comparison between mothers of twins and mothers of one or two singletons.
Our main new findings, and our corresponding interpretations, are as follows:
(1) The second-birth fertility of women whose first birth resulted in twins is much lower than for corresponding mothers with a singleton first birth but it remained roughly at the same level as the third-birth fertility of mothers of two singletons. What counts is the number of children born, not the number of births needed to attain it.
(2) The most important difference between the two groups of women is that mothers of twins wait noticeably longer before they have another child than women with a second singleton do. As we noted, raising twins is much more burdensome than raising one or two singletons, and this is reflected in the waiting time.
(3) Trends in the fertility of mothers of twins largely follow those for mothers of singletons. Similarly rates of twin first births largely follow those for singleton first births. Since twins surely mostly come as a surprise, conception rates of twin and singleton births should move in unison, and any difference in birth rates would be produced by differential fetal loss and selective abortion. One feature interferes in this parallelism, namely an independent upward trend in twinning rates caused by medical interference to help women who have difficulty conceiving.
(4) For mothers with a singleton and a pair of twins, the progression to a third birth depends very much on whether the twins came first or second. At each stage after the second birth, mothers who had the twins first have much the higher fertility. Presumably this partly reflects the effect of the age of the twins, in that proceeding to a third birth becomes easier as the twins become older. A further partial explanation may be that women in these two groups have different mixes of stopping rules (Note 2). As we noted above, surely no one actively plans to have twins, so women who first had a singleton and then were surprised by a twin birth presumably have a greater fraction planning to stop after two children, and if not then to stop after three. Women who had the twins first and then a singleton have already proceeded to parity 3 and probably have a greater (albeit small) fraction willing to continue up to a fourth child (Note 3).
(5) Our main concern is the fertility of mothers of twins, but we cannot resist also reporting briefly on a couple of other features that have already appeared in the literature. First, many previous authors convey a strong impression that twinning rates increase with the woman's age. This feature is only partly confirmed by our data. We find that the twinning rate does increase up to ages in the thirties but that it actually falls at higher ages. We cannot find any simple relation between twinning and age (Note 4). Second, a corresponding notion that the twinning probability increases with a woman's parity turns out to be present in our population for parities above 3, but not for lower parities. Both of these patterns appear when we control for the converse covariate. Such simple descriptive facts should be taken into account in future theorizing about the effect of age and parity on twinning rates. Our main business is to document the statements in items (1) through (4) above. To put these findings into perspective, however, we first provide a brief account of trends in twin births in Sweden.
Twins in the literature; historical trends in Sweden
The previous literature on twins has two main parts. In by far the greater part, the authors explore the behavior of twins, or their morbidity or mortality (Note 5), often thinking in terms of twins as natural experiments. Some typical examples of the latter are Rosenzweig and Wolpin (1980) , Grogger and Bronars (1993) , Bronars and Grogger (1994), and Behrman et al. (1994) (Note 6) .
In a second main part of the literature the focus is on the twinning rate, estimated as the fraction of births that are twin births. Typically, patterns and differentials in such rates across populations are described, and trends over time are given. In most previous studies, the data have only permitted description of period-specific rates by age or occasionally by parity (Note 7). As we shall see below, we have the advantage of being able to include all three of these covariates (age, period, and parity) simultaneously. Our main interest is the childbearing behavior of mothers of twins, not the behavior or fate of the twins themselves. Because we can add to the previous literature with very little effort, however, we also include presently some information on twinning rates by current parity and later a section on twinning rates at first birth (Section 4 below). In each case we control for the other covariates.
The fraction of births that were twin births was very stable at 14 per 1000 total births each year for more than fifty years after 1870 (Figure 1 ). It then declined gradually to about 8 per 1000 in the 1970s, whereafter it rapidly rose to almost twice that level by the end of the twentieth century, surely mainly as a consequence of medical fertility-stimulating measures used to help childless women. Murphy et al. (1997 Murphy et al. ( , 1998 found the same valley-form in data for Great Britain and displayed a chronological coincidence of medical sub-fertility treatment and the rise in birth multiplicity since the 1970s. Tas (1994) and Steegers-Theunissen et al. (1998) have reported similar findings for the Netherlands. A good number of further sets of national twinning rates, many with similar patterns, were given by Eriksson et al. (1995) and by Oleszczuk et al. (1999) . The latest contribution with such a pattern known to us is that of Terzera (2002) .
The increase in Swedish twinning rates through the 1980s and 1990s was also reflected in the number of children born. In the 1970s, some 1800 twins were born in Sweden each year; two decades later, there were about 3000 (Note 8). By comparison, the number of triplet births was as low as some ten per year during the 1960s and 1970s. In the 1980s, it increased to about thirty per year and reached a record high of sixty in 1993. By the end of the 1990s, the number of triplet births had declined again to around twenty. During the late 1980s and early 1990s, Sweden had an occasional quadruplet birth. Eriksson and Fellman (1967a , 1967b , 1973 Fellman and Eriksson, 1993; Eriksson et al. 1995) have analyzed early twinning trends in the Nordic countries extensively. During the nineteenth and early twentieth century, Nordic twinning rates were among the highest in the world. The authors found particularly high rates in isolated population groups where a high level of intermarriage was recorded. When migration increased and intermarriage decreased correspondingly, twinning rates declined, a finding that the authors interpret as a reflection of the genetic nature of twinning "risks". Eriksson and Fellman (1973) regarded twinning as being correlated positively with the mother's age at childbearing in general and noted that twinning rates decreased in parallel with the mean childbearing age. Correspondingly, recent Swedish statistics show that the mean age at a twin birth is one to one-and-a-half year higher than that of a singleton birth (Figure 2) . However, the twinning rate (Note 9) is particularly high for women in their thirties and it falls at higher ages (Figure 3 ), as has also been shown by Fellman and Eriksson (1993) (Note 10). There does not seem to be any simple monotonic relation between twinning and age. Nevertheless, a changing age structure at childbearing may easily contribute to the drop recorded between the 1930s and ca. 1970 in Figure 1 .
Some authors have also reported a positive association with the woman's parity (Pollard, 1969 ; for a discussion see Högberg and Wall, 1992) . We find this to be true at parities above 3 (Figure 4 ) (note 11) and note that a reduction of fertility at higher parities may therefore be another part of the explanation of the drop in Swedish twinning rates up to about 1970, since fertility declined at higher parities during this time. The common view seems to be, however, that a changing composition of the set of childbearing women by age and parity is insufficient to explain completely the reduction in the twinning rate (Note 12). Our own experiments (not displayed here, but see Figure 4 in Strandberg and Hoem, 2002 ) also show that the Swedish twinning rate increased considerably in the last quarter of the twentieth century even when we control for the changing age distribution among mothers. Evidently, new features have entered into the picture. The standard explanation in the literature is that in-vitro fertilization is a main factor in this development (Note 13). Such treatment is normally administered to women of a relatively high age and only after they have undergone long periods of tests (Note 14). This practice alone would contribute to a relatively high age at twin birth.
Our data and method of analysis
We have the advantage over most other students of twinning that we have individuallevel data from a large population at our disposal. Our data come from the Swedish population register and cover every Swedish woman recorded in the years 1961 through 1999. The data contain her own birthdate and the dates of each of her births. Each woman's record is censored at her death or first emigration and at the end of 1999. Our source data include liveborn children only. This means that a stillbirth is not recorded and that a twin birth is counted as a singleton birth if only one child was liveborn.
We analyze our data mostly by means of a multivariate generalization of classical standardization methods. For each birth order we use a competing-risks intensity model (Note 15) of the form
having a birth of multiplicity h for a woman currently in age group x (Note 16). Because of the scarcity of births of multiplicity 3 or higher, we operate with h = 1 or 2 and censor a record at any birth of multiplicity above 2. To achieve identification, we let represents the intensity of a singleton birth for a woman at age 0
The birth multiplicity h appears in this model in interaction with each of the covariates x and k at the same time. Our reasoning is based on this model. Because it has been much more practical for us and easier to report, we have often fitted models with a simpler interaction structure, as noted in each case below. We pay some attention to strengths and weaknesses of this method of analysis in Section 4 below.
All tables in this paper contain maximum-likelihood estimates of model parameters computed from our data. Figures 1 through 3 are based on population statistics in annual publications from Statistics Sweden. Figure 4 is the result of our own calculations based on the Swedish population register, as are all subsequent diagrams.
In a data set as large as ours, most differences shown turn out to be statistically significant at all normal significance levels, even when they have little substantive content, and normal tests lose their meaning (Note 17). In line with the general policy of this journal, we therefore do not report anything about statistical significance in this paper.
Twinning at first birth
Since 1961, Swedish fertility has gone through what Hoem and Hoem (1996) have called a roller-coaster development. It can be depicted in various ways; in Figure 5 we show it in the form of a series of age-standardized annual intensities (hazards) for singleton first births and a corresponding series for twin first births, using the level in 1990 as a baseline for each curve separately. We see that the two series run largely parallel until the early 1980s, after which the series for twin births has its own upward impetus. This is what we would expect, given that a twin birth most often would come as a surprise, except possibly after medical intervention. (In-vitro fertilizations are used most often for childless women.) If we turn to relative risks, we find that the twin-birth "risk" of a childless Swedish woman was some 0.6 to 0.7 per cent of the corresponding singleton-birth intensity during the first two decades after 1961, but the relation then changed and the relative risk increased to almost 2 per cent by the end of the 1990s (Note 18). Figure 6 shows to what extent the age profile of twin first births is shifted towards somewhat higher ages (Note19).
Figures 5 and 6 are based on Figure 5 , separately for h=1 and h=2. In Figure 6 we have plotted the sequence Our use of multiplicative models is a descriptive device that neatly distills main features of a complex data set and allows us to display them. It would be harder to bring out those features by other methods. Our procedure has the disadvantage that it does not pick up the manner in which twin-birth intensities have developed differentially at different ages since the early 1980s. In reflection of this, Figure 7 (Note 21) shows how twin-birth intensities have increased at ages 31-33 and 40-42 since 1982-84, and even more strongly at the ages in between, while they have actually decreased at ages below 25 (Note 22). To reflect such features also, we need an interaction between age x and calendar year k in our intensity models. When we leave out that interaction in order to avoid cluttering up the descriptions, we run the risk that the features we display are warped, because we actually work with a mis-specified model. To hedge against warped results, we have carried out extensive experiments where we have fitted our multiplicative models separately to the data for periods before and after the early 1980s. The outcome of some of those experiments have been reported by Strandberg and Hoem (2002) in their Figures 15 through 17, and further diagrams can be requested from the present authors. These experiments convince us that the features we display actually serve the purpose intended, and that they are not subject to any important warping.
Mothers of a pair of twins and mothers of one singleton
We now turn to our main topic, namely the fertility of mothers of twins. In our analysis we estimate simultaneously two competing risks again, this time (i) the intensity of having a singleton second birth and (ii) the corresponding intensity for a twin second birth. As in Section 4, we use a standard multiplicative intensity model for each risk, now of the format
The index h is used for the multiplicity of the second birth. Our covariates are (1) the woman's age group at first birth, indexed by i, (2) the multiplicity of the first birth, now indexed by j, and (3) the current calendar period (regarded as a time-varying covariate), indexed by k and grouped as in Table 3 , which contains our maximum-likelihood estimates of our parameters, except that estimates ˆj h b of the relative risks jh b are given in Table 2 (Note 23). Our duration variable t is time since first birth, grouped as also shown in Table 3 (last main panel).
The analysis applies to women born in Sweden with a first birth of multiplicity 1 or 2.
(We have left out the few women who had first births of multiplicity above 2.) To ensure parameter identification, we have set 11
b =1, precisely one of the ij a is also set to 1, and so on. This means that the parameters represent relative risks. We estimate the rate of arrival of a second birth for mothers who first had twins to be 0.342 relative to the rate for mothers who first had a singleton birth, standardizing for age at first birth, for calendar period, and for first-birth multiplicity. This means that on average, mothers who delivered twins at their first birth have only about one-third as high an intensity for a second birth as mothers whose first confinement resulted in a single child. We have also found that 21 b =0.338 (Table 2 ). This is our estimate for the relative risk of having a singleton at the second birth when the mother had twins in her first delivery. The first panel in Table 3 contains our estimates { } kj c . It displays the trends in our second-birth intensities across calendar periods. The intensities are given relative to that for mothers who delivered a singleton at the first birth in [1988] [1989] [1990] . In order to compare their "pure" time trends without interference from their differences in level, we have plotted the second-birth intensities relative to the corresponding intensity for 1988-1990 for each first-birth outcome separately in Figure 8 . We see that the intensities for a second birth largely have followed the same trends, irrespective of the outcome of the first birth. The most obvious deviations are the much stronger decline in second-birth intensities for mothers of twins between 1965 and 1975, and again after the early 1990s. Meanwhile, the characteristics of twin mothers as a group have changed. In the later period, a greater fraction of them consists of women who have had difficulties getting pregnant and who have had their twins after medical intervention.
In the second panel of Table 3 we display the effect of the age of the mother at first birth, and the final panel in Table 3 as well as Figure 9 shows the extent to which the second-birth intensity for mothers of twins and singletons depends on the duration since their first confinement. We see that mothers of twins have much the lower next-birth intensity and that in general they wait longer before they have another birth. None of this is surprising. Given the strong two-child norm in Sweden, many of the mothers of first-birth twins must have reached their family-size goal, so on average mothers of twins should have a lower propensity to proceed to a second birth than mothers of a first-birth singleton. The progression should also be slower, again given the greater strain of raising twins than a singleton child.
Mothers of a pair of twins and mothers of two singletons
Perhaps a more equitable comparison is that of the next-birth intensity of a mother of twins and a comparable mother of two singletons. Both have two children, so we will now compare birth intensities for the third child, taking into account the manner in which parity 2 was attained. Parameter estimates of intensity models similar to those in our previous section are given in Table 4 . Let us start by noting that the two groups we now study largely have the same next-birth fertility, and that the trends of each group across calendar time are very close to each other (Figure 10 ). Once more, twin mothers tend to wait longer before they venture into their next birth than mothers of two singletons do (Figure 11 ). This apart, the two groups have remarkably similar fertility.
The third birth to mothers of twins
We now turn to third births for women who previously have had twins either in their first or second delivery (Note 26). It turns out that there is a considerable difference in childbearing behavior between women whose twin birth came first and those whose twin birth came second (Table 5 ). All in all, the first group has had a much higher (Note 27) third-birth intensity than the second on average, perhaps for two reasons. First, the two groups must be quite differently composed according to lifetime childbearing plans, as we discussed under item (4) in our introduction and do not repeat here. Second, if the twins came at the first birth, they are older and the situation is therefore more manageable at each stage after the second birth than when the twins came in the second delivery. This shows up in Figure 12 , which shows that fertility differences between the two groups diminish as the child's age increases (Note 28). Surely, the age of the twins is the driving element in this decrease in the relative birth "risks".
The age of the mother does not seem to have much systematic impact on the thirdbirth intensities, but the difference between them was smaller in the 1960s than thereafter (Note 29). Since more women were housewives in our first period than in the later ones, we speculate that having a third birth was more manageable than later on even when one of the previous births had resulted in twins.
Conclusions
The main contribution of this paper is a mapping of patterns of childbearing behavior by mothers of twins. Our results reflect the obvious expectation that childbearing behavior is dominated by the number of children a woman has had or plans to have, not by the number of confinements used to produce those children. We also show that parents of twins wait longer than comparable parents of singletons do before they proceed to any subsequent birth, presumably because of the greater strain of raising twins. Both of these features correspond to simple common sense and to what demographers have long suspected, but as far as we know they are documented here for the first time. As a by-product we show that twinning rates in Sweden have developed over time in parallel with the introduction and use of medical interventions like in-vitro fertilization, just like in many other populations. Furthermore we show that there is a simple but non-monotonic association between age and twinning when one controls for parity, and also a non-monotonic association between parity and twinning when one controls for the mother's age. We believe that we have provided a sharper description of the latter patterns than what is available in the previous literature.
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